Purpose Adequate cancer pain management (CPM) is challenging in resource-limited settings, where current international guideline recommendations are difficult to implement owing to constraints such as inadequate availability and accessibility of opioids, limited awareness of appropriate opioid use among patients and clinicians, and lack of guidance on how to translate the best evidence into clinical practice. The multinational and multidisciplinary CAncer Pain managEment in Resource-limited settings (CAPER) Working Group proposes a two-step initiative to bridge clinical practice gaps in CPM in resource-limited settings. Methods A thorough review of the literature, a steering committee meeting in February 2017, and post-meeting teleconference discussions contributed to the development of this initiative. As a first step, we developed practical evidence-based CPM algorithms to support healthcare providers (HCPs) in tailoring treatment according to availability of and access to resources. The second part of the initiative proposes a framework to support an effective implementation of the CPM algorithms that includes an educational program, a pilot implementation, and an advocacy plan. Results We developed CPM algorithms for first-line use, breakthrough cancer pain, opioid rotation, and refractory cancer pain based on the National Comprehensive Cancer Network guidelines and expert consensus. Our proposed educational program emphasizes the practical elements and illustrates how HCPs can provide optimal CPM according to evidence-based guidelines despite varied resource limitations. Pilot studies are proposed to demonstrate the effectiveness of the algorithms and the educational program, as well as for providing evidence to support a draft advocacy document, to lobby policymakers to improve availability and accessibility of analgesics in resource-limited settings.
Introduction
Pain is one of the most prevalent consequences of cancer affecting up to 70% of all patients with cancer over the course of their disease [1] . Despite several treatment options and best practice guidelines, undertreatment of cancer-related pain is widely reported; up to one-third of patients do not receive analgesia proportional to their pain intensity [2] [3] [4] .
Adopting best practices in cancer pain management (CPM) is particularly challenging in resource-limited settings [5] . Inadequate availability of and access to opioid analgesics, the cornerstone for treating cancer pain, are also major challenges in resource-limited settings where many patients are first diagnosed with advanced-stage cancer [6, 7 ; Supplementary resource 1]. Global consumption of opioid analgesics is predominantly driven by high-income countries, whereas 75% of the world population, mainly in lower-and middle-income countries, lack adequate access to pain relief [8] . Impediments to opioid availability and accessibility in resource-limited settings include restrictive opioid formularies, over-regulation related to licensing and prescription, fear of opioid diversion to illicit channels, issues related to supply and distribution, cultural attitudes towards pain, patients and healthcare provider (HCP) concerns over addiction, and restricted financial resources [8] [9] [10] [11] [12] [13] .
Thus, there remains a significant gap between Boptimal practice^and actual practice in CPM in resource-limited settings. While several international guidelines provide recommendations on managing cancer pain, these are often predicated on maximal resource availability and cannot be easily and appropriately implemented in areas of resource scarcity [14] . Clinical guidelines also provide little information and guidance on how to translate evidence-based recommendations into clinical practice [15] . Additionally, several diverse factors influence the implementation of best practice guidelines ( Fig. 1 ) [16, 17] .
Especially in palliative care for advanced disease, lack of education of HCPs, policymakers, and patients continues to be a key limiting factor contributing to inadequate CPM [10, [18] [19] [20] . This may manifest itself as misconceptions (including opiophobia), improper use of analgesics, and restrictive policies governing availability and accessibility of analgesics [9-13, 18, 21, 22] . Some programs have tried to address these educational needs on a national basis, such as the essential pain management [23, 24] .
As a step towards ensuring the provision of optimal CPM across all settings, a multinational consortium-the CAncer Pain managEment in Resource-limited settings (CAPER) Working Group (WG)-proposes a two-part, expert-driven initiative. We favor the use of the term resource-limited Bsettings^rather than Bcountries/regions^to underscore the heterogeneity of resource availability even within a country/ region. The ultimate goal of this initiative is to facilitate highquality care based on adaptations of evidence-based guidelines to improve pain-related clinical outcomes for all patients with cancer pain. This paper details the CAPER WG initiative emphasizing the collaborative process undertaken in providing physicians with (1) practical evidence-based algorithms for optimizing CPM amidst limited availability of analgesics and (2) a recommended implementation framework through education and advocacy that can be carried out by any groups or institutions to improve the availability and accessibility of opioids in resource-limited settings.
Methods
The CAPER WG-with a Steering Committee of eight members and an Advisory Group of four members-is comprised of a multidisciplinary consortium of oncologists, pain specialists and palliative care experts from Algeria, Australia, Brazil, China, Indonesia, Japan, the Philippines, Qatar, South Korea, and the UK [Supplementary resource 2].
At the outset, we reviewed the literature from January 2007 to December 2016 on the barriers to effective CPM across the Asia-Pacific, Latin America, and the Middle East and North Africa and efforts undertaken to overcome these challenges [refer to Supplementary resource 3 for a brief summary of the literature review]. Additionally, a survey completed by the working group members [Supplementary resource 4] provided further insights into current practices and challenges in CPM in resource-limited settings as well as in resource-rich countries. We further developed our initiative through telephonic discussions on the objectives and anticipated outcomes.
The CAPER Steering Committee subsequently convened at a meeting in Shanghai, China, in early February 2017, to discuss the challenges in CPM and review recommendations derived from existing published guidelines. While there are several national and international guidelines on CPM in adults, the Steering Committee focused on recommendations from the US National Comprehensive Cancer Network (NCCN) [25] , as it is most frequently referred to by a majority of the CAPER WG. Several topics were discussed in CPM including pain assessment, first-line treatment, treatment for breakthrough pain, subsequent-line treatment, adjuvant analgesics, management of opioid-related adverse events (AEs), psychosocial support, and patient and family/caregiver education. Acknowledging known constraints related to opioid availability and accessibility, the CAPER WG identified the adaptation of treatment-oriented guidelines to resourcelimited settings as the most relevant to providing optimal CPM. Therefore, the Steering Committee drafted the principal methodology for developing management algorithms to facilitate CPM by HCPs in settings with scarce resources (Fig. 2) . The WG then amalgamated evidence-based recommendations and their own clinical experience into resource-sensitive algorithms that optimize standard of care for first-line CPM, breakthrough cancer pain (BTcP) management, opioid rotation, and refractory pain.
To support the effective translation of these algorithms into clinical practice, the Steering Committee also deliberated on the importance of education in achieving the aims of the initiative, ways to optimize the use of available analgesics, and strategies to advocate for improved availability and accessibility of opioids. This resulted in the preliminary drafts of an education and advocacy framework, which was further 
Results
To achieve the goal of our initiative, we have developed a structure that encompasses two main elements-(1) CPM management algorithms and (2) a proposed framework for an educational program and pilot implementation, also incorporating an advocacy plan [Supplementary resource 5].
Cancer pain management algorithms
Using a multimodal approach based on literature reviews and our clinical experience, we have developed four management algorithms, as a starting point for tackling some of the most problematic areas in CPM, to support optimal outcomes from using locally available analgesics: (1) first-line treatment of cancer pain (Fig. 3A) , (2) management of BTcP (Fig. 3B) , (3) opioid rotation in CPM (Fig. 3C) , and (4) management of refractory cancer pain (Fig. 3D ). We acknowledge that there are many more drug therapies in CPM, such as the use of non-opioid Badjuvant^medications, as well as non-pharmacological interventions (e.g., cancer-modifying therapies which include radiation, surgery, and interventional pain management), but the current algorithms represent the first stage.
For all these situations, opioid selection should be individualized based on availability, cost, patient characteristics and preference, and physician familiarity. As with all guidelines, clinicians must ultimately choose the optimal option based on a balance of evidence and practical considerations. While treatment should be initiated at the lowest effective dose, this dose must subsequently be personalized through gradual dose titration, adjusting dosing up or down to identify the optimal level that maximizes pain relief while minimizing AEs If there is an unfavorable balance between analgesia and AEs in spite of several dose adjustments, clinicians should re-evaluate the therapeutic strategy and consider alternatives, such as more active and targeted management of AEs, addition of adjuvant analgesics, and opioid rotation (Fig. 3C ). When pain persists despite these measures, clinicians should consider consulting with medical, radiation or interventional oncologists, surgeons, and palliative medicine or pain management specialists skilled in the use of specialized measures such as ketamine or palliative sedation (Fig. 3D) .
Irrespective of resource availability, clinicians should conduct a thorough initial pain assessment, monitor patients frequently, and manage opioid-induced AEs [Supplementary resource 6]. Additionally, the multidimensional nature of cancer pain necessitates all HCPs to provide holistic psychosocial support and patient and caregiver education through a multiprofessional team.
Proposed implementation framework
To demonstrate the utility of the algorithms developed above, we propose a theoretical implementation framework that is based on strong evidence-based principles, includes essential elements in education and advocacy to ensure effective implementation, and can be utilized or adapted by any groups or institutions to improve CPM in their own settings based on their available resources. The implementation will need to be tested for feasibility and potential for clinically useful effectiveness in different settings. At the time of the submission of the manuscript, we are looking at putting the proposed framework into practice at a range of pilot implementation sites.
Educational program
The CAPER WG has determined an educational program that will be rolled out across resource-limited regions, with adaptations to suit different healthcare settings (Table 1) . Intended for all HCPs involved in the care of patients with cancer, the educational program should include pertinent information on appropriate use of analgesics and guidance on how the CPM algorithms can be used clinically in different resource settings. An educational session in an interactive format of case study discussions and workshops will provide a practical element and allow participants to evaluate their understanding and apply their learning in real-life cases.
As part of the educational resource, a toolkit will be developed that can be customized to suit the varied learning needs of participants. It should contain the algorithms, the complete references of the relevant clinical guidelines, case studies and presentation slides, and access to the webcast of the educational session. Dissemination of the toolkit can be supported through the development of a centralized online platform, including an application for mobile devices; such an application may collect data on the usage of the toolkit (e.g., based on the number of downloads and invited structured feedback). Additionally, the online platform would allow HCPs across various specialties (oncology, pain, and palliative care) to share a common confidential forum for clinical case discussions.
Pilot implementation study
We consider that pilot studies will be essential to demonstrate the feasibility and potential effectiveness of the algorithms and the education program and intend that the selection of sites for pilot studies must consider the involvement of local stakeholders and collaborating partners (government, healthcare system, academic institutions, societies [cancer, pain and palliative care], and industrial partners) and funding sources.
The following aspects are important in designing a pilot implementation study (Fig. 4) .
& Baseline data prior to piloting educational program
Baseline quantitative and qualitative data of the predetermined parameters can be collected through surveys, interviews, or focus groups of HCPs, patients, and policymakers. This step can be facilitated through an online platform (including an application for mobile devices), which can be used for subsequent monitoring and data collection following the educational program. & Goals and outcomes of the pilot study Goal 1 (short-term): to improve knowledge and address opiophobia of HCPs Goal 2 (medium-term): to use the algorithms to improve appropriate use of opioids in CPM Goal 3 (long-term): to improve broader patient- reported outcomes (PROMs) for patients with cancer pain (The desired PROMs include improved pain scores, reduced interference with daily living, increased satisfaction with care and quality of life.) & Parameters to measure effectiveness of the algorithms and education program These parameters may vary depending on the country or setting where the program is being piloted, e.g., where opioid availability is a particular issue, where cancer services are under-resourced, or where patient opiophobia is common. They should assess a change in knowledge (e.g., pre-and post-activity test, surveys of intention to put knowledge into practice), a change in attitudes, as well as a change in behavior (e.g., assessing quality indicators such as chart audits, observing HCPs-patients encounter). & Post-activity monitoring, data collection, and outcomes analysis and research Ongoing support is required during the pilot studies and later in the actual implementation, to assist participants in the change process. This includes conducting regular discussion sessions, providing regular information updates, and developing online community forums for confidential clinical case discussions and collecting feedback on practical challenges of implementation.
The results from pilot implementation will allow for adjustment/refinement of the strategy, educational program, and the algorithms. Subsequent outcomes research will inform the utility, effectiveness, and sustainability of algorithms and the educational programs.
Advocacy
Strategic advocacy will be essential to ensure the achievement of CAPER WG program's objective of facilitating highquality care based on adapted evidence-based guidelines to improve CPM in resource-limited settings. We outline the key elements to be included in order to achieve a comprehensive strategic advocacy: 
Discussion
The Declaration of Montréal, a document developed during the IASP First International Pain Summit on September 3, 2010, states that access to pain management is a fundamental human right [30] . The Declaration recognized the right of all people to have access to pain management without discrimination, acknowledgement of their pain and to be informed about how it can be assessed and managed, and access to appropriate assessment and treatment of the pain by adequately trained healthcare professionals [30] . Cancer-related pain is a very common cause of persistent pain. While global inequities in CPM have been well-documented, few initiatives or international CPM guidelines, which are generated in high-income countries, specifically consider global variations in resources and access or have provided practical, evidence-based solutions that can be applied to lower-income regions. The CAPER WG proposal endorses the Montreal declaration and is an attempt to address the specific area of cancer-related pain, focusing on patients and HCPs in resource-limited settings.
The WHO analgesic ladder for cancer pain relief [31] has been influential as an educational tool but has not been updated to consider contemporary approaches to pain control and the prevention and management of opioid-induced AEs [32] . While several initiatives have created resource-stratified guidelines for oncology and palliative care [33, 34] , we believe that the CAPER WG program is the first to provide resource-sensitive management pathways, based on modern research evidence, for managing cancer pain. Through its two-part initiative described here, the multinational and multidisciplinary CAPER WG has taken on the challenge of bridging the gap between best practice and real-world practice in CPM while accounting for differential resources.
For the first part, we have developed patient-centered and evidence-informed algorithms to provide guidance for the rational management of cancer pain in disparate healthcare settings. These algorithms cover the most important challenges for HCPs in managing cancer pain at all stages: first-line initiation of opioids, breakthrough pain, opioid rotation, and refractory pain. Future work will include the prescribing of other drug groups and non-pharmacological interventions that are important in CPM. The algorithms allow for application of the Bbest practice^according to Bfirst-world^-derived guidelines, adapted to account for reduced healthcare resources and specifically availability of opioids in resource-limited settings. Our approach in designing these adaptive algorithms was through a rigorous review of existing guidelines and algorithms and ultimately focusing on those produced by NCCN as being the most universally applicable. Members of the CAPER WG from 10 countries, covering both resource-rich and resource-limited settings, provided adaptations which allowed for variations in access, without compromising the clinical aim of optimal CPM.
For the second part, we have recommended a framework to support the implementation of the algorithms to achieve optimal CPM under resource-limited settings. While respecting the important work of international agencies such as the WHO and the International Narcotics Control Board, we recognize that focusing exclusively on overcoming governmental barriers to • Short lectures, interactive case studies discussion, and workshops • Can be conducted in face-to-face meetings and/or online webcasts • Toolkit can be provided to participants after completion of the educational program as a continuing educational resource Content outline of educational program:
• Short lectures ○ Basic information, including pathophysiology of pain, pain assessment, determining optimal dose of opioids, opioid rotation, use of adjuvant agents, minimizing adverse events (AEs) caused by the use of opioids, addressing AEs caused by other factors, re-evaluation of dose, and importance of multidisciplinary approach in CPM ○ Introduction to the resource-based algorithms • Interactive case studies discussion to emphasize lecture points and illustrate the practical use of the algorithms for decision-making under resource limitation. For example: ○ Case 1: A 40-year old female with upper limb sarcoma had brachial plexus invasion and experienced severe pain that was uncontrolled with 260 mg morphine daily. She was given 40 mg morphine, as needed, as rescue medication, and now experiences spontaneous episodes of pain with myoclonic jerks. What is the cause of this change and what would you do next? ○ Case 2: A patient with cancer, whose pain is being managed with regular prolonged-release oxycodone, is currently experiencing breakthrough pain. What would be the treatment of choice if short-acting opioids are not available? • Workshops for participants to implement the algorithms in various patient scenarios under resource limitation, using a multidisciplinary approach opioid availability has produced only small-scale and geographically patchy successes. Thus, through our practical algorithmic and educational approach, we seek to accelerate improvements in CPM in resource-limited settings by building on the best currently available evidence-based approaches, modified by what is currently available in terms of HCPs, drugs, and other modalities of treatment, ultimately resulting in improved outcomes for patients with cancer. Furthermore, optimal CPM is impacted by negative perceptions of opioids that often stem from inadequate awareness of pain control and inappropriate use of analgesics among patients and HCPs, who often lack knowledge and confidence in using opioids for cancer pain and managing opioid-related AEs [10, 18, [35] [36] [37] ; Supplementary resource 7]. These professional barriers are further compounded by poor continuing education, insufficient physician interest, and lack of palliative care education during medical training [7, 19, 20] . Therefore, while our recommendations are designed to facilitate clinical decision-making, we also recognize the need for comprehensive educational and advocacy efforts to overcome sociocultural barriers to effective care.
The effectiveness of educational interventions targeting HCPs to improve cancer pain outcomes has been reviewed; a majority of these interventions were provided in the form of half-or full-day educational meetings involving workshops, lectures, group discussions, and case studies, along with distribution of accompanying print materials [38] . An educational implementation of a cancer pain algorithm for ambulatory care demonstrated that the effect of intervention (a day-long seminar, written reference materials, and documentation tools) was only seen within the first 140 days post-intervention and followed by a gradual decline, highlighting the need for a knowledge retention component [39] . Although educational videotapes and case scenario review on CPM were shown to improve knowledge scores, there was no data regarding their effect on patient outcomes [40] . Thus, these studies did not provide an allencompassing educational intervention that results in improved patient outcomes. While educational efforts initiated by hospitals or institutions can improve knowledge and attitudes of HCPs, these changes may not necessarily be reflected by the changes in practice, highlighting the need for a more directed educational effort that includes practical elements [41] . Our educational program is intended to illustrate how HCPs can still provide optimal pain management for their patients despite working with varied resource constraints/limitations while still following evidence-based international guidelines. These educational activities would use latest online and interactive technologies that can be readily accessed by internet-enabled equipment in all but the most deprived settings. A specific feature of our program will be the development of regional online forums and Fig. 4 Outline of pilot implementation plan other platforms for continuous updating of knowledge and sharing of experiences, including anonymized case studies.
The CAPER WG pilot studies will serve as an important process to monitor, assess, and evaluate for key patient outcomes and how they translate into a change in healthcare practice that benefit HCPs, patients, and potentially the healthcare organization/system. We acknowledge successful collaborative efforts to improve availability and access to opioids, involving cooperation from the national governments and regulatory authorities, have been demonstrated in Vietnam, Nepal, Serbia, and subSaharan Africa. Vietnam and Serbia have seen an increased in opioid consumption [42, 43] , while Nepal now manufactures three forms of oral morphine locally [44] and Uganda has seen an increase in morphine availability [45] . These examples highlight the importance of continuous collaborative and multifaceted efforts involving committed stakeholders including industry, led by local champions.
Limitations of the CAPER WG program and their solutions
The CAPER WG is a consortium of interested parties who have a long experience of researching and applying evidence-based guidelines for CPM in both resource-rich and resource-limited regions. The main geographical areas covered by the WG are in the Far East and Asia-Pacific regions, but also with representation from Middle East/North Africa, Latin America, and the UK. The consortium thus represents a very broad multiprofessional and global perspective on CPM. It is not a legal entity but will seek endorsement from existing international and regional/national organizations once the project has yielded tangible results. Additional perspectives from other regions, notably sub-Saharan Africa, Indian subcontinent, Eastern Europe and the former Baltic States, and Russia could enhance the program once it is underway.
The algorithms we have adapted have not been formally validated, but this is consistent with many of the international guidelines which are currently employed. However, we have focused on the NCCN guidelines which are evidence-based. Furthermore, our CAPER WG implementation program has a component that will prospectively collect data on usability and challenges and, importantly, will measure outcomes relevant to patients with cancer.
The success of the implementation of the algorithms and the educational programs may be influenced and hampered by various factors related to HCPs, policymakers, and patients. HCPs may be discouraged from implementing changes in their clinical practice because of fear of isolation by peers, lack of time or resources, or non-supportive healthcare systems (e.g., lack of organizational support). Policymakers may be reluctant or disinterested owing to lack of understanding of the ground reality or having different priority agenda. Patients may have persistent fears associated with opioid use. Additionally, industry-led initiatives are often viewed by HCPs and policymakers with suspicion. These barriers can potentially be overcome by generating local clinician engagement, academic support through research activities, and broad-based organizational advocacy.
The CAPER WG feels that after decades of the initial groundbreaking 1986 WHO cancer pain program, it is time for a bold new initiative to take on the cause of bringing evidence-based CPM to resource-limited parts of the world. We look forward to collaborating with both pain and cancer global and regional organizations in coming years.
Conclusion
The CAPER WG has taken the first two steps to correct the imbalance of providing optimal CPM in resource-limited settings. We have proposed a practical and implementable strategy that addresses the challenges in translation of best practices, Table 2 Potential elements of advocacy document to improve availability and accessibility of opioids
• Define current gap and its consequence ○ Opioids are unavailable and inaccessible for CPM in resource-limited settings; lack of education of HCPs renders suboptimal management of pain in patients with cancer ○ At least one-third of patient with cancer pain do not receive analgesics proportional to their pain intensity [2] . Furthermore, 75% of the world population, predominantly in lower-and middle-income countries, has limited access to adequate pain relief [8] • Set goals and objectives ○ To make opioids available in formularies, to reduce regulatory barriers to improve access to opioids for cancer pain, and to improve HCPs' knowledge on optimizing use of available analgesics • Identify target audience ○ HCPs and policymakers (regulatory and health authorities) • Define the action steps to achieve goals and objectives ○ Provide evidence to policymakers that opioids are indispensable for the management of cancer pain: ▪ Demonstration of successful outcome from pilot study of educational program and implementation of algorithms for CPM (e.g., improved HCPs' knowledge, improvement in guidelines implementation by HCPs, improvement in patients' satisfaction) ▪ Evidence for patients with cancer whose pain remains uncontrolled despite optimizing available analgesics according to evidence-based guideline recommendations ▪ Demonstration of safe opioid use for CPM ○ Initiate local and regional research projects to collect more sophisticated data on barriers, facilitators, and outcomes of the program ○ Initiate a national forum for dialogue on improving opioid availability and accessibility • Define the expected outcomes ○ Scaling up of the pilot program, and improvement in HCPs' knowledge and appropriate use of analgesics ○ Improvement in the availability of opioids in the formulary ○ Easing up of regulatory policies to allow better access to opioids owing to resource constraints and/or lack of education and awareness. First, the four algorithms cover the key areas that prevent safe and appropriate use of opioids in different clinical scenarios. Second, the education and implementation framework is an essential move to disseminate the algorithms and test their usability and clinical outcomes. Integral to implementation is an advocacy program, to influence key stakeholders, non-governmental organizations, and industry for the advancement of CPM in resource-limited settings. We invite further discussion of the algorithms and extend an invitation to participants in the education and implementation framework.
